Storing excess rainwater underground can become key in mitigating the frequency and magnitude of flood events. In this context, assessment of depleted groundwater storage that can be refilled in water surplus periods is imperative. The study uses Gravity Recovery and Climate Experiment Results indicate that basin groundwater storage is depleting at the rate of 1.6 bill. m 3 yr À1 . This depleted aquifer volume can be used to store floodwater effectively -up to 76% of the rainfall on average across the Ramganga with a maximum of 94% in parts of the basin. However, the major management challenge is to find and introduce technical and policy interventions to augment recharge rates to capture excess water, at required scales.
INTRODUCTION
India ranks second globally in agricultural output, exceeding the combined outputs of the USA and Australia (Shah ) .
Agricultural water resources are tightly linked with food security and economic growth in the country. Of the agricultural land in India, 64% is rainfed while the remaining 36% depends on surface (rivers, canals, lakes, tanks, ponds) or groundwater irrigation. In the past decade, groundwater use for irrigation has increased due to increasing climate variability, expanding crop area, agricultural intensification and associated increasing difficulties in access to surface water resources (Briscoe & Malik ) . As a result, more than 60% of the irrigated agriculture and 85% of domestic water demands were satisfied from groundwater resources (GoI ; World Bank ). This high demand on groundwater resources has led to groundwater extraction rates that were faster than that of the natural recharge rate (Shah ; CGWB ), thus causing groundwater depletion in many parts of the country (ADB ; ADBI ).
Quantification of the spatial and temporal dynamics of groundwater storage, and how it responds to short-term (e.g., pumping) and long-term (e.g., climate and land use) stresses, is prerequisite for formulation of plans for sustainable groundwater use (Maheshwari et gov/hydrology/data-holdings/parameters). All storage components, i.e., TWS, SM and GW, are reported as equivalent water thickness measured in cm.
Observed groundwater level
The CGWB monitors groundwater levels throughout the country. In the Ramganga basin, CGWB monitors 152 wells were not readily available; however, CGWB () indicates that 99% of the wells only monitor shallow (unconfined) aquifers in the study region. Therefore, the use of GRACE (which can estimate total groundwater storage change) along with CGWB estimates can indicate differences in shallow and total groundwater depletion. Long-term comparisons were made between GRACE data (observed at monthly intervals)
with CGWB well data (measured at quarterly intervals).
Rainfall and runoff
Monthly precipitation data for the Ramganga basin were collected from the India Meteorological Department (IMD). The IMD daily records were also aggregated into monthly values for each climate station. The average monthly rainfall of stations in each district that falls within the Ramganga basin was used in the current study. Runoff is computed using the available published runoff coefficients for the basin (e.g., Chaturvedi ; Zade et al. ).
The above data sets were used to estimate maximum percentage of rainfall and runoff that can be stored in basin aquifers, and therefore, the extent to which groundwater store can reduce flood volumes.
RESULTS AND DISCUSSION
GRACE-derived ground water storage trend The CGWB data suggest basin-level mean rate of water table decline of 0.23 m yr À1 for the study period. However, the limitation of the CGWB estimate is that it mostly considers unconfined aquifer depletion, while the presence of deep bore wells in the region should also be considered (Shah ; Rizvi et al. ).
Groundwater storage recharge and discharge
The net groundwater discharge for the X th year was estimated by subtracting the GRACE groundwater storage anomaly in the post-monsoon month of the previous year (November of the (X À 1) th year) from the groundwater storage anomaly in the monsoon month of the X th year (June of the X th year). Similarly, the net groundwater recharge of the X th year was estimated by subtracting the groundwater storage anomaly in the post-monsoon (November of the X th year) from the groundwater storage anomaly in the monsoon month (June of the X th year). The estimated groundwater discharge included water withdrawal for all sectors (e.g., irrigation, domestic, industry, etc.). In addition, due to the above calculation, the anomalies cancel out resulting in the estimation of net recharge or net discharge The underlying and implicit assumption of this study is that the underground store can be rapidly filled in the wet season and used in the following dry season. However, the major challenge is to identify cost-effective methods that can accelerate infiltration of flood water into underground storage. In the Ramganga basin, low natural groundwater recharge rates, coupled with increasing pumping, leads to continuing groundwater depletion. There is an urgent need to test and implement artificial recharge technologies that can increase recharge of floodwater into the progressively emptying groundwater storage. Consideration of existing and increasing 'free' underground stores in river basins may be seen as an opportunity to diversify options used in planning flood prevention and water supply augmentation measures.
